Introduction
The discovery of hepatitis C virus (HCV) (Choo et al,, 1989) , which has been found to cause the majority of blood-borne non-A, non-B liver disease world-wide, has opened the way to propagate various HCV isolates and to determine their nucleotide sequences. The entire nucleotide sequences have been reported for at least 14 HCV genomes, which differ by up to 33 % (Kato et al., 1990; Choo et al., 1991 Okamoto et al., 1991 Okamoto et al., , 1992a Takamizawa et al., 1991 ; Chen et aL, The nucleotide sequence data reported in this paper have been deposited in the DDBJ, GenBank and EMBL databases under the following accession numbers: D14853 for HC-G9 (complete sequence), D 16189 (5' terminus) and D 16190 (3' terminus) for YS 117, and D 16191 (5' terminus) and D16192 (Y terminus) for SR037. 1992; Honda et al,, 1992; Inchauspe et al., 1991 ; Tanaka et al., 1992; Wang et al., 1993) .
Attempts have been made to classify the various HCV genomes based on sequence similarity. For example, HCV isolates can be classified into genotypes I, II, III, IV, V and VI (Mori et al., 1992; Okamoto et al., 1992b Okamoto et al., , d, 1993 . Chan et al. (1991 Chan et al. ( , 1992 and Simmonds et al. (1993) classified HCV isolates into three major types which they call 1, 2 and 3, with each type being divided into two subtypes, a and b. Subtypes la and lb in their classification correspond to I and II, respectively, 2a and 2b to III and IV, and 3a and 3b to V and VI. Their proposal is in line with that of Enomoto et al. (1990) who refer to genotypes I/la and II/lb as PT/K1, and III/2a and IV/2b as K2a/K2b, respectively. In another classification by Houghton et al. (1991) and Cha et al. (1992) , group I corresponds to genotype I/la, group II to genotype II/lb, and group III includes genotypes III/2a 1 . Strategy for sequencing the HC-G9 genome. Nucleotides are numbered from the putative 5' end as indicated on the top. The genetic organization of HCV (Hijikata etal., 1991 a; Houghton et al., 1991 ; Takamizawa et al., 1991) is indicated with coding sequences from C to NS5 shown by blocks, untranslated regions by bars, and the T-terminal U stretch by (U)n. Alphabetically labelled blocks represent the range of cDNAs amplified by PCR and sequenced: a (nt 1 to 160); b (nt 63 to 847); c (nt 732 to 1606); d (nt 1300 to 1867); e (nt 1798 to 2560);f(nt 2421 to 3018); g (nt 2973 to 3883); h (nt 3723 to 4737); i (nt 4683 to 5050); J (nt 5009 to 6170); k (nt 6129 to 7066); l (nt 7023 to 7833); m (nt 7792 to 8630); n [nt 8259 to 9440 (U stretch not included)]. and IV/2b; their group IV encompasses genotype V/3a, and group V includes variants reported only from South Africa thus far. In the interim, until an official nomenclature for HCV grouping is decided on, a consistent system reflecting these provisional classifications would be appropriate. HCV genotypes are of epidemiological relevance, since they have distinct geographic distributions (Li et al., 1991; Bukh et al., 1992; Cha et at., 1992; Chan et al., 1992; Simmonds et al., 1993; Stuyver et al., 1993; Okamoto et al., 1992d; Wang et al., 1992 Wang et al., , 1993 . They have clinical bearings also, because they appear to be associated with the severity of liver disease and response to interferon therapies (Pozzato et al., 1991 ; Kanai et al., 1992; McOmish et al., 1993; Takada et al., 1992; Yoshioka et al., 1992; Hino et al., 1993) .
The entire nucleotide sequence was determined for one HCV isolate and partial sequences for two additional isolates, all of which had originated in patients with chronic liver disease in Indonesia and were not categorized as any of genotypes I/la to V/3a. Comparison of the entire nucleotide sequence of the Indonesian HCV genome (HC-G9) with those of the 14 reported genomes by the unweighted pair-group method with arithmetic mean (Nei & Gojobori, 1986) , for the construction of a phylogenetic tree of HCV, indicated that this genotype was related to genotypes I/la and II/lb but was substantially divergent from them, and therefore should be called lc.
Methods
Serum samples. Patients with chronic liver disease in Indonesia were screened for HCV RNA, and 48 sera with HCV RNA in high titres were obtained. When classification of the isolates into genotypes I/la to V/3a was attempted from the compatibility of type-specific primers deduced from the HCV core gene sequences of various genotypes, seven (15 %) were not classifiable despite the sera all having high HCV RNA titres. HCV isolates with these unclassifiable genotypes from three such sera were sequenced for comparison with reported isolates of various genotypes.
Determination of nucleotide sequences. Preparation of nucleic acids, synthesis of cDNA and amplification by PCR, as well as subsequent cloning and sequencing, were performed as described previously (Okamoto et al., 1990 (Okamoto et al., . 1992b .
The full-length sequence was determined for the genome of one HCV isolate (HC-G9). The strategy for sequencing the HC-G9 genome is depicted in Fig. 1 . Sequences of 12 overlapping regions (from b to m) of the genome were reverse-transcribed and amplified by a conventional PCR with 20-mer primers deduced from the HC-J1, HC-J4 and HC-G9 isolates and using AmpliTaq DNA polymerase (Perkin-Elmer). The respective amplification products were inserted into the M13 phage vector. The sequences of both plus and minus strands, covering overlapping regions, were determined for three independent clones each and the consensus sequence was determined. The 5'-and 3'terminal sequences (regions a and n, respectively) were determined by a single-sided PCR method described previously (Okamoto et al., 1992b) . The 5'-terminal sequence was determined for HC-G9 by sequencing four clones with the longest and identical extension toward the 5' terminus.
Only four regions (b, e, d and n) were sequenced for the YS117 and SR037 isolates from the other two patients. The sequence of region d, covering the hypervariable region (HVR) (Hijikata et al., 1991 b; Ogata et al., 1991 ; Weiner et al., 1991 ; Kato et al., 1992; Okada et al., 1992; Okamoto et al., 1992c) , was determined from the consensus sequence of five independent clones, iucluding two additional clones, for the HC-G9, YS117 and SR037 isolates.
Genotyping ofHCV. Genotypes I/la, II/lb, III/2a, IV/2b and V/3a were determined by the method described previously, by PCR with sense universal primers and a mixture of type-specific, antisense primers deduced from the HCV core gene sequences (Okamoto et al., 1992d . The antisense primer (no. 132) specific for genotype I/la in the original method was replaced by no. 296 with the sequence of 5' GGATAGGCTGACGTCTACCT 3' representing nucleotides (nt) 518 to 537 . The sequence of the antisense primer (no. 339) specific for genotype V/3a, not described in the original method, was 5' GCTGAGCCCAGGACCGGTCT 3' representing nt 557 to 576 . The five genotypes were distinguishable from one another by the distinct sizes of their PCR products: 49 bp for genotype I/la, 144 bp for II/lb, 174 bp for III/2a, 123 bp for IV/2b, and 88 bp for V/3a.
The novel genotype designated lc was determined by PCR with a 20mer antisense primer (no. 321) specific to it. The primer represented nt t These are HCV-1 Han eta] ., 1991), HCV-H HC-J1 (Okamoto et al,, 1992a) .
deletions and insertions of (Inchauspe et al., 1991) and :~ These are HCV-J (Kato et al., 1990) , HCV-BK (Takamizawa et al., 1991) , HCV-T (Chen et al., 1992) , HC-J4/83 and HC-J4/91 (Okamoto et al., 1992c) , HCV-JK1 (Honda et al., 1992) , HCV-JT and HCV-JT' , and HC-C2 .
§ HC-J6 (Okamoto et al., 1991) . 11 HC-J8 (Okamoto et al., 1992b) . ¶ Percentage similarity.
667 to 686 of the HC-G9 genome, with the sequence 5' TCTGATCC-CCGGCGGAGGTT 3', which amplified a product of 200 bp in the PCR for genotyping.
Results and Discussion
The HC-G9 genome is composed of 9440 nt (3'-terminal U stretches of 17 to 47 nt excluded), which are divided into the 5' untranslated region (UTR) of 341 nt, a long open reading frame (ORF) of 9033 nt coding for a polyprotein precursor of 3011 amino acids and the 3' UTR of 66 nt. The genomic organization is similar to those of the 14 genomes reported. The length of the single ORF is the same as those of the reported genomes of type I/la, such as HCV-1, HCV-H and HC-J1 Hart et al., 1991; Inchauspe et al., 1991; Okamoto et al., 1992a) . Table 1 compares the HC-G9 genome with 14 genomes whose entire nucleotide sequences have been described. HC-G9 is divergent by > 20 % in nucleotide sequence from any of the others that are classified into genotypes I/la to IV/2b. The difference between HC-G9 and the genomes of genotypes I/la or II/lb was 20.0 to 22-3 %, less than the variation from those of genotypes III/2a or IV/2b at 32.3 to 32.8 %.
Partial sequences spanning 2927 nt were compared between the HC-G9, YSll7 and SR037 isolates, all of which had been propagated from sera of Indonesian patients with HCV of unclassifiable genotypes (Table 2) . They were > 95% similar in nucleotide and deduced amino acid sequences; the highest similarity in nucleotide sequence (99.6 to 100.0%) was observed in the 5' UTR (Okamoto et al., 1992c) , HC-J4/91 (Okamoto et al., 1992c) , HCV-J (Kato et al., 1990) , HC-C2 , HCV-JT , HCV-JT' , HCV-BK (Takamizawa et al., 1991) , HCV-T (Chen et al., 1992) , HCV-JK1 (Honda et al., 1992) , HC-J6 (Okamoto et al., 1991) and HC-J8 (Okamoto et al., 1992b) . A proposed phylogenetic tree was constructed by the unweighted pair-group method with arithmetic mean of Nei & Gojobori (1986) using a molecular evolutionary analysis system for DNA and amino acid sequences (ODEN, National Institute of Genetics, Mishima, Japan). and the lowest similarity (84.3 to 87.4 %) in the E2/NS1 region with HVRs. The extent of similarity among them was of the same order as those among HCV isolates of the same known genotype (Okamoto et al., 1992b) . Hence, all three isolates belong to the same genotype. The phylogenetic tree of HCV (Fig. 2) was constructed for the 15 HCV genomes whose entire nucleotide sequences are known, including the 14 previously reported and HC-G9, using the unweighted pair-group method with arithmetic mean of Nei & Gojobori (1986) . It is obvious that the HC-G9 genome is on one of the major branches (group 1) to which the reported HCV genomes of genotypes I/la and II/lb belong. As reported by Enomoto et al. (1990) , and confirmed by Chan et al. (1992) , there is another branch (group 2) bearing HCV genomes of genotypes III/2a and IV/2b. There appears to be a third branch to which HCV isolates from blood donors in Edinburgh and from hepatitis patients in Thailand would belong (Chan et al., 1992; Mori et al., 1992) , and a fourth (Cha et al., 1992; Bukh et al., 1992; Simmonds et al., 1993; Stuyver et al., 1993) from comparison of partial sequences.
Based on these analyses, and the prospect of additional HCV genomes with substantial sequence divergence being reported in the future, we would like to propose that the novel genotype for HC-G9 be called lc. Determination of the entire genomic sequences of the other genotypes, such as V/3a and VI/3b, and corn-parison with those of reported genomes will substantiate the classification into major groups, 1, 2 and 3, etc., and subgrouping each of them into a, b, c, etc.
The HC-G9 genome was also compared against reported HCV isolates with known partial sequences, none of which is classifiable into genotype I/la, II/lb, III/2a or IV/2b (Table 3) . With regard to the sequence of the 5' UTR, the closest similarity is shown by the Z4 isolate from Zaire at 97"5%, but it is less than the similarity between the 5' UTRs of HC-G9, YS117 and SR037 at > 99-6% (Table 2 ). The HC-G9 genome is very different in nucleotide sequence from HCV isolates of groups IV or V of Cha et al. (1992) or those of type 4 from Egypt . These results indicate that the genotype lc would not have been found in any isolates, not only those entirely sequenced but also those sequenced only partially at present.
In Fig. 3 , deduced amino acid sequences of the HVR are shown for the HC-G9, YSll7 and SR037 isolates. Considerable variations are found between them. Sequence divergence within the HVR-2 region, however, was less than that among HCV genomes of genotype II/lb. The HVR-2 region, therefore, appears to be unique for HCV genomes of genotype II/1 b .
In Fig. 4 , nucleotide sequences of the 3' UTR, excluding T stretches, are shown for HC-G9, YS117 and SR037. Each measured 66 nt, longer than the 41 to 45 nt of any other reported HCV isolates of genotypes I/la, II/lb, IlI/2a or IV/2b (Kato et al., 1990; Okamoto et al., 1991 Okamoto et al., , 1992a Takamizawa et al., 1991) . Both HC-G9 and YS117 possessed two in-phase stop codons 54 nt apart. The second in-phase stop codon of SR037 was 9 nt away from the first, as in HCV isolates of genotype I/1 a or II/lb. Conserved secondary structures are recognized within a 3'-terminal region of 300 nt of the HCV genome with an inferred role in viral replication (Han & Houghton, 1992) . Four stem and loop structures were identified in HC-G9 also, as in HCV isolates of genotypes I/la to IV/2b. A method to determine HCV genotype lc was developed by PCR with a primer (no. 321) specific for it. The primer did not anneal with cDNA reversetranscribed from HCV RNA of genotypes I/la, II/lb, III/2a, IV/2b or V/3a. PCR products amplified from cDNA of HCV RNA of various genotypes, with universal sense primers and a mixture of antisense primers specific for each genotype, were clearly distinguishable from one another (Fig. 5) .
The determination of genotype lc was extended to HCV isolates from various parts of the world. Genotype lc was detected in seven (15 %) of 48 HCV isolates from Indonesia, including the three from which the HC-G9, YS117 and SR037 isolates had been propagated. It was Mori et al. (1992) , E-bl to E-b8 by Chan et at. (t992) , and DK12 to Z8 by Bukh et al. (1992) . Fig. 3 . Amino acid sequences of the two HVRs within the E2/NSI region of isoIates HC-G9, YS117 and SR037. Five cDNA clones, corresponding to region d in Fig. 1 , were propagated from each of HC-G9 (rows 1 to 5), YS117 (6 to 10) and SR037 (11 to 15), all of genotype lc, and amino acid sequences were deduced from them. A dash denotes an amino acid identical to that in the sequence at the top. HVR-I and HVR-2 (Hijikata et al., 1991b) Genotype lc appears to be unique in that it is indigenous to Indonesia, unlike the other genotypes which are distributed over the world to various extents. Fig. 4 . The 3' UTR of HCV genomes of various genotypes. Sequences of the HC-G9, YS117 and SR037 isolates of genotype lc are compared with those of HC-J1 of genotype I/la, HC-J4/83 of genotype II/lb, HC-J6 of genotype III/2a and HC-J8 of genotype IV/2b (Okamoto et al., 1991 (Okamoto et al., , 1992a . In-phase stop codons are shaded. Sequencing additional HCV isolates from different areas of the world would outline the range of variability of the HCV genome and substantiate the classification based on the phylogenetic tree. Inasmuch as HCV genotypes are associated with the severity of liver disease and the response to interferons, it is worth determining novel HCV genotypes for any correlation with liver disease and therapeutic efficacy. Considerable variations in deduced amino acid sequences of viral products should be taken into account in the development of serological assays and future vaccines.
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